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The phenomenon of local tissue reactivity, now categorized as the dermal Shwartz- 
man reaction, was given its original definition in rabbits in 1928  (1).  Although sub- 
sequent attempts by Shwartzman and others to extend this phenomenon to other ani- 
mal species  were generally unsuccessful (2) it has been seen irregularly in guinea pigs 
(3), goats and horses (4),  and therefore appears not to be confined to rabbits. As for 
mice, however, Shwartzman stated as late as 1937 that all attempts by him to demon- 
strate endotoxin-induced skin hemorrhages in this species had met with failure  (2). 
This report undoubtedly served as the basis for the dassieal view that mice are a re- 
fractory species.  In more recent years other investigators, using a variety of different 
approaches to the problem, have succeeded in demonstrating local hemorrhagic re- 
actions not unlike  the Shwartzman phenomenon, but occurring only under special 
circumstances. Homma (5), for example, reported irregular production of the lesions 
after preparation of the skin with two large intradermal injections of endotoxin rather 
than the single dermal preparative injection ordinarily used. In another system, Stone 
and Freund  (6) used the lip as the reactive site and showed that presensitization of 
the mice with foreign proteins enhanced the reactions. Kelly and her group (7), finding 
that three out of fourteen inbred mouse strains were partially reactive to the classical 
series of endotoxin injections suggested that genotype was an important parameter. 
In contrast, however, Oliveira-Lima (8) demonstrated the reaction in Webster Swiss 
mice, a known random-bred and allegedly refractory strain, but only when mice older 
than 8 months were used. 
Although much remains  to be learned  regarding  the  Shwartzman  reaction 
in mice,  dearly one can no longer regard  these animals as a  completely non- 
reactive  species.  Several  years  ago,  in  some  BSVS  mice,  we  observed  skin 
hemorrhages to follow single intradermal injection of bacterial endotoxin. The 
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frequency of these hemorrhages was inconstant,  but high enough to enforce 
our attention  and  prompt  the hope  that  they might  be better understood. 
Although the hemorrhages were not being produced by the usual two injections 
characteristic of the Shwartzman  reaction, and thus presented a puzzle,  they 
were produced in  a  mouse stock related  to  one of the partially  competent 
strains described by Kelly et al.  (7). The Shwartzman phenomenon was thus 
considered as bearing some relationship to these observations. 
This report deals with experiments delineating  the nature of these mouse 
skin hemorrhages and the circumstances surrounding their production so that 
the extension of the dermal Shwart.zman  phenomenon  to  this  species can  be 
more clearly specified  than  heretofore.  It also presents certain  observations 
concerning  a  novel  hemorrhagic  phenomenon  associated  with  the  above- 
described reaction but differing from it on an operational basis. As will be shown, 
certain ecological  specifications  must be stipulated for this new hemorrhagic 
reaction  which  we  have  chosen  to  call  the  "single-injection  Shwartzman 
phenomenon.' ' 
MATERIALS  AND  METHODS 
The mice used throughout  these experiments were young adults  (2 to 3 months of age) 
of the BSVS strain originally extracted by Webster (9) from The Rockefeller Institute stock. 
This mouse strain now reflects some 44 generations of brother-sister inbreeding and may be 
regarded  as approaching genetic uniformity. The particular  animals employed for most of 
these studies were obtained from a recently established pen-bred subline of the parent stock. 
No detectable changes in genotype have occurred during  the present study. 
All mice were maintained  under  relatively constant  environmental  conditions  both  in 
stock and during the course of the experiments. They have normally experienced a uniform 12 
hour artificial light day  (fluorescent  lamps)  with constant temperature  (80°F.)  and relative 
humidity (50 per cent). The diet was either Purina lab chow or pasteurized Dietrich and Gam- 
brill biscuits, with tap water supplied a~ lib. The pasteurized biscuits were guaranteed patho- 
gen-free and  were supplied  in sealed,  sterilized containers. 
Except where indicated the bacterial endotoxin employed throughout  these studies was 
commereially prepared  E.  ¢oll lipopolysaecharide Number  0127B:6  and  Number  0127B:8 
from Difco Laboratories.  t Both lots have had approximately the same biological activity in 
the systems under observation in this laboratory. Other endotoxins and their sources are indi- 
cated in the text. 
The basic plan for many of the experiments to be reported consisted of injecting the endo- 
toxin intradermaily into a site on the shaved abdomen. After 20 to 24 hours the mice were 
examined for evidence of skin hemorflmge at the injected site. Those having lesions at this 
time were considered single-injectlon reactors.  The others were considered "prepared"  for 
the Shwartzman reaction and were separated for other observations. Provocation of the pre- 
pared skin sites was usually effected with an intraperitoneal or intravenous injection of suit- 
able material. After such further  mauipulations  these mice were held for another  24 hour 
period at which time they were reexamined for skin reactions. Certain other experiments will 
be individually described in the later sections since variation in design prevents any general 
description at this point. 
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All intradermal (I.D.) injections were made with a sharp, short-bevel Number 27 needle 
with care being taken to introduce the material between the dermal layers rather than sub- 
cutaneously.  Intraperitoneal (I.P.) injections were made with a ~  inch Number 27 needle 
introduced into the lower abdominal quadrants. Standard methods of plating and dilution 
were used for all bacteriological  manipulations.  The specific growth media will be individually 
described in the following sections. 
ttistdogical Technique.--For histological  examination of the lesions, sections  of the skin 
were excised immediately after the gross examinations were made. The tissue was fixed in 10 
per cent formal-saline and after embedding in paraffin, sections were cut to 7 # thickness and 
stained with hematoxylin-eosin  in an Auto-Technicon  tissue processor.  In two series, skin 
sections  were removed at different  time intervals after the injection of endotoxin.  Micro- 
scopic examination of these sections  revealed the sequence  of pathogenetie events during 
development of the lesions. 
SECTION  I.  RESULTS 
The Localized Shwartzman Reaction in BSVS Mice 
In  this  section  the evidence that  a  bona fide dermal  Shwartzman  reaction 
can be produced in BSVS mice will be examined first. In the subsequent section 
an analysis will be presented of the special case, the single-injection reaction. 
Since the dermal Shwartzman reaction hitherto has not been clearly specified 
in the mouse, the endotoxin-induced skin hemorrhages observed in BSVS mice 
were critically examined from the standpoint of that classical reaction. If the 
mouse  reaction  were  to  conform  to  what  is  known  concerning  the  rabbit 
phenomenon,  it could with greater certainty be admitted as a  logical murine 
counterpart of the classical Shwartzman lesion. Thus,  the following categories 
were considered as definitive of the phenomenon of local tissue reactivity. 
(a) Pathology of the Lesion.--Fig. 1 illustrates that  the gross picture of the lesion 
elicited by endotoxin injections in BSVS mice was one of severe hemorrhagic necrosis 
similar to  that  seen  in rabbits exhibiting the localized Shwartzm n  reaction. The 
essential histopathological features of the Shwartzman reaction as defined by others 
(10, 11)  were likewise clearly recognizable during development of the skin lesion in 
these mice. These events included perivascular cuffing by granulocytes, occlusion of 
vessels by leucocyte-platelet thrombi, necrosis, and massive interstitial hemorrhage. 
All these features can be seen in the accompanying photomicrographs (Fig. 3). 
(b) Production of the Lesions.--Hemorrhagic lesions such as the ones shown in the 
above figures were produced with marked regularity in BSVS mice with a series of two 
injections of bacterial endotoxin. Ordinarily, E. coli purified lipopolysaccharide was 
used as follows: intradermal injections of endotoxin (30 #g. in 0.05 ml. of sterile saline) 
were made into the skin of the shaved abdomen. These sites were then examined for 
evidence of hemorrhage after 20 to 24 hours. Animals showing no reactions at this 
time were then injected with the same material by either the intraperitoneal or in- 
travenons route. An equal amount of endotoxin was used but the material was ad- 
ministered in 0.5 ml. for I.P. injection. Mice so challenged were then held an additional 
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animals  treated  in this manner exhibited  marked hemorrhagic necrosis at the pre- 
viously injected skin sites. Since intradermal deposition of the endotoxin was required 
for adequate preparation of the skin it is quite possible that the lack of complete uni- 
formity was due to technical factors rather than to any inherent heterogeneity of the 
mouse population. 
Although most experiments were carried out with a 24 hour interval between the 
preparing and the provoking injections, it was of interest to determine the time range 
during which the second or provoking injection was effective in the mouse system. 
These studies were hampered somewhat by the high incidence of the single-injection 
reaction which will be described in greater detail in the following section. Nevertheless, 
it was possible to determine  that the number of double-injection reactions was in- 
creased  over the number of single-injection  reactions  by the administration  of an 
intraperitoneal provoking injection as early as 15 hours after skin preparation. In one 
such experiment, for example, 6 out of 10 mice in the control group developed hemor- 
rhagic reactions within 24 hours of the skin-preparing injection alone (30 #g., I.D.) 
whereas a comparably prepared group of 10 mice that also received 30/~g. of the endo- 
toxin injected I.P. after 15 hours showed 100 per cent incidence of reaction 9 hours 
later.  Further  exploration of the time relationships  possible between the preparing 
I.D. injection and a successful provoking I.P. injection revealed that this time lapse 
had a limit; i.e., a 24 hour interval invariably resulted in successful reactions, but a 48 
hour interval saw the complete loss of reactivity. These relationships  are similar to 
those of the classical rabbit model. 
(c) Effectiveness  of Other E~otoxins.--One  of the important  characteristics  of  the 
Shwartzman reaction is  that no immunological connection need exist between  the 
preparing and provoking agents. Thus endotoxins from quite diverse sources are capa- 
ble of preparing and/or provoking in the same animal.  As a  further demonstration 
that the mouse lesions conformed to the specifications of the Shwartzman reaction, the 
activity of bacterial lipopolysaccharides other than those from E. coU was tested in 
this  regard  (Table  I).  Among the materials  so examined  were endotoxins from S. 
abortus-equi, S. marcescens, S. flexneri, and Pseudomonas sp. All these endotoxins were 
found competent to both prepare for and provoke the skin lesions when administered 
in microgram quantities.  Furthermore,  they were all capable of preparing  the skin 
for future provocation with a heterologous material (E. coli); thus, true non-specificity 
was demonstrated.  In addition  to the above-mentioned materials  a  polysaccharide 
constituent of Bryonia root, a plant tissue, was found capable of preparing for similar 
lesions although there was insufficient material to test for provocative ability. 
(d) Inhibition of the Reaction with Anticoagulant  Therapy.--Kelly  et al.  (7)  have re- 
ported that the skin reaction observed by them was blocked by pretreatment of the 
mice with the anticoagulant drug eoumadin. We have obtained similar results with 
two  anticoagulants,  dicumarol  and  heparin.  These  drugs  were  given  in  sufficient 
quantity to prolong the in vitro clotting time as measured in clean glass at 37°C. from 
an average of 30 seconds to approximately 5 minutes  (dicumarol, 2 mg./mouse by 
stomach  tube; heparin,  500  t~g./mouse  by I.P.  injection)  after  which  the animals 
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only one showed any skin reaction. Likewise, only 2 out of 10 heparin-treated animals 
reacted. In contrast, the saline-treated control groups both showed  lO0 per cent re- 
activity to an identical series of injections. 
(e)  Provocation by Antigen-Antibody  Complex.--Shwartzman  has demonstrated that 
the dermal reaction in rabbits can be provoked not only by endotoxin but by a variety 
TABLE I 
Potency of Various  Endotoxins  as Reagents for tke Skwartzman Reaction in BSVS Mice 
Preparation*  Provocations  Nmnber  Number  Per cent 
Material and dose  Material and dose  tested  reacting  reacting 
S. abortus-equi§ 
50/~g. 
S. abortus-equi 
100 I.~g. 
S. #xneri[l 
50 #g. 
S. .fle~n~,i 
50 #g. 
Pseudomonas sp. 
50 #g. 
S. rnarcescens 
50.b~g. 
S. raarcesceus 
50 #g. 
Bryonia root¶ 
150 #g. 
Bryonia root 
150 #g. 
E. coli 
30 #g. 
S. abortus-equi 
50 ~g. 
E. coli 
30 #g. 
50 #g. 
E. coti 
30/~g. 
E. coli 
30 #g. 
S. m~rcescens 
50 #g. 
E. eoli 
30/~g. 
Bryonia root 
150/~g. 
4 
14 
14 
4 
10 
10 
10 
3 
3 
4 
12 
14 
4 
8 
10 
10 
2 
0 
100 
85.7 
100 
100 
80.0 
100 
100 
66.7 
0 
* Intradermal injection of 0.05 ml. 
Intraperitoneal  injection of 0.5 hal. 
§ Obtained  from Dr.  D.  Boehme, Department of Pathology,  ComeU Medical College, 
New York. 
[] Obtained from Dr.  W. F. Goebel, The Rockefeller Institute. 
¶ Obtained  from  Dr.  M~ Landy, National Cancer Institute, Bethesda. 
of antigen-antibody  (Ag-Ab) complexes coupled both in vitro and in vivo (in sensitized 
animals) (12).  We chose  to examine the first of these modes of provocation in the 
mouse system. Two groups of mice were injected I.D. with a preparing dose of E. cdi 
endotoxin and challenged, after 20 hours, with an I.P. injection  of either of two Ag-Ab 
complexes.  The first of these was a precipitin system using hen egg albumin (EA) and 
rabbit anti-EA serum. These materials were mixed in suitable proportions to yield a 
visible precipitate, the suspension of which was injected into the prepared mice. The 
second combination was a  bacterial agglutination system  consisting of  commercial 
(Parke, Davis and Co.) pertussis phase I  vaccine and the suitable rabbit antiserum 
mixed to produce agglutination visible in the gross.  This suspension was likewise  in- 172  SHWARTZMAN  PHENOMENON  IN  MICE 
jected into the prepared animals. Table II illustrates that both of these combinations 
were competent to provoke adequately prepared skin sites. 
The  agreement exhibited  between  the  reaction  just  described  and  that  of  the 
Shwartzman reaction as viewed  in  the classical reference  species,  the rabbit, estab- 
lishes that there is good ground for admitting the BSVS mouse genotype as "Shwartz- 
man-competent." 
TABLE II 
Provoking Potency of  Antigen-Antibody Complexes in  BSVS  Mice 
Provoking material  Number tested  Number of reactions 
EA:~ +  anti-EA serum§ 
EA alone-0.5 ml. 
(250 #g/ml.) 
Anfi-EA serum--0.5 ml. 
(diluted 1  : 2) 
Pertussis vaccine + 
pertussis anfiserum[I 
Pertussis vaccine 
(diluted 1  : 2--0.5 ml.) 
Pertussis antiserum 
(diluted 1  : 2--0.5 ml.) 
Armour Chemical Co. 
§ Generously supplied by Mr. John Cebra, The Rockefeller Institute. 
ii Parke,  Davis  and  Co., Detroit,  Michigan. 
Reactivity of Other Mouse Strains 
Our experience with other mouse strains has been somewhat different from 
that with the BSVS strain. In addition to the experiments outlined above we 
have had an opportunity to similarly examine small numbers of the pen-bred 
Rockefeller strain, various Swiss strains, the inbred C-57 line, and representa- 
tives of a "wild" mouse colony maintained in this laboratory. Of these, only the 
C-57 mice and some of the ICR-Swiss, both of which have a history of inbreed- 
ing, showed any reactivity to the endotoxin test system. Although our experi- 
ence with these other strains has been somewhat limited the results obtained 
support  the  conclusions of Kelly and her  coworkers,  namely,  that  a  genetic 
parameter appears to be involved. It seems reasonable to assume that some 
Shwartzman competence factor may be a  part of the mouse genome and that 
in the responsive strains this factor has been fortuitously fixed in the expressive 
state during the extraction of other desired characteristics. With this proviso 
then, it appears that the Shwartzman  phenomenon is indeed extensible to the 
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SECTION II.  I~ESULXS 
The Single Injection Reaction 
The necessities of a logical presentation of these investigations have prompted 
us to clarify first that the dermal hemorrhagic phenomena encountered in BSVS 
mice were indeed manifestations of the Shwartzman phenomenon. But a great 
deal of the time, sometimes to a  frequency of 90 per cent or more, we were 
confronted with skin hemorrhages following a single dermal injection of endo- 
toxin at  the very time we were prepared to inject the classical second and 
provoking  intravenous  dose.  This  single-injection  reaction,  which  has  been 
briefly described elsewhere (13), was in many ways indistinguishable from the 
Shwartzman reaction but differed in two important ways:  (a) its occurrence 
was irregular and unpredictable, and (b) it was produced by but a single injec- 
tion of bacterial endotoxin. The gross similarity between this lesion and the 
double-injection or Shwartzman lesion is shown in Fig. 2. Histological examina- 
tion has likewise revealed no discernible differences. 
We have reported (13) that the incidence of this reaction among BSVS mice 
was markedly affected by pretreatment of the animals with the antibacterial 
drugs  oxytetracycline  (terramycin  z)  and  chloramphenicol  (chloromycetin  a) 
(13). More recently we have noted that oral administration of streptomycin, 
neomycin, or polymixin, all of which are largely confined to the intestinal tract 
when given by this route, had little or no effect on the skin reaction. In the 
case of neomycin, bacteriological examination of the feces of 10 mice following 
oral administration of the drug for 24 hours indicated that virtual sterilization 
of the gut had been achieved. These facts, combined with the irregularity of 
the reaction in what was an ostensibly uniform mouse population, suggested 
the hypothesis that a clinically "inapparent infection" in some locus other than 
the intestine might have played some role in the reaction. 
In an effort to examine this possibility,  10 BSVS mice were injected intradermally with 
endotoxin and scored for reactions to the single dose after 24 hours. The 6 which reacted were 
sacrificed and autopsied to determine whether any loci of infection could be seen. At this 
time the lungs, liver, spleen, kidneys, and samples of the heart's blood were removed asepti- 
cally, ground with alundum and sterile saline when applicable, and plated  on proteose agar 
containing 4.5 per cent fresh defibrinated sheep's blood. All plates  were spread with 0.1 ml. 
of the ground lung suspension at several dilutions. After 24 to 48 hours' incubation at 37°C. 
it was seen that the only significant foci of "infection" consistently  associated with skin reac- 
tivity were the lungs, which contained organisms almost uniformly Gram-negative.  Although 
the described manipulations obviously favored the growth of only aerobic or microaerophilic 
organisms, anaerobic cultures have yielded no additional or conflicting results. 
An  examination was  next made  to  determine whether differences existed 
between mice that had reacted to the single injection and similarly injected 
Charles Pfizer & Co., Brooklyn, New York. 
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non-reacting animals. Using the above technique lung homogenates from both 
"reactors" and "non-reactors" were plated on a  suitable culture medium at 
different dilutions to quantitatively determine the total bacterial content of 
the lungs.  The results of a  series of such assays done at different times are 
shown in Table III. On comparing the geometric means of the two groups it is 
evident that there were significantly more bacteria present in the lungs of the 
reactor mice, a point further substantiating the original suspicions. 
In  order to determine whether any of the various  representatives of the 
mixed bacterial populations found in the lungs of the reactor mice were causally 
related to  the state of skin  reactivity a  number of attempts  were made  to 
artificially infect non-reactors either with  individual  cultures or by passing 
lung  homogenate.  Unfortunately, all  such  attempts  have  met  with  failure, 
apparently for either of two reasons: (a) these bacteria proved to be avirulent, 
or at least not infective for adult mice when administered by intranasal instil- 
lation; or (b) at the time these tests were made the over-all reactivity of the 
mouse colony was high (>90 per cent), thus the probability of securing non- 
reactors by random selection was not great.  Furthermore, it was found that 
once having been tested with endotoxin these mice were refractory to further 
tests, therefore there was no exact method for identifying the small number of 
non-reactors. 
More recent attempts with antibiotic-pretreated  mice or mice born of anti- 
biotic-treated breeders have been more successful,  however. Since it seemed 
possible that part of the reason for the previous failures  had been the lack of 
infectivity of the organisms isolated from reactor lungs we chose, for these 
studies, a culture of H. influenzae-muriurn of known, although of low, infectivity 
for these mice. 
Cultures of this organism were grown overnight in blood-broth, adjusted to a uniform titre, 
and administered to the mice as an aerosol in a closed chamber for a standard period of time. 
This procedure has consistently yielded quite reproducible results with respect to the number 
of bacteria recoverable from the lungs of the infected] animals after exposure  4 (approximately 
10  s bacteria 30 minutes after exposure).  Control mice were subjected to aerosols of sterile 
broth of equal volume and given for an equal time period (30 to 45 minutes). All mice were 
then tested for response to 30/zg.  of endotoxin injected intradermally. 
In both experiments reported in Table IV the infected mice were significantly 
more responsive to the endotoxin injections than were the controls. Bacterio- 
logical examinations of the lungs of these animals confirmed that more severe 
infections had been established in those which became reactors whereas  the 
bacterial counts of the non-reactor infected mice were comparable to those of 
4 This procedure has been worked  out for the Hemophilus culture by  Dr.  J.  Shulman, 
Department of Public Health and Preventive Medicine, New York Hospital in New York. 
We express our thanks for his guidance during these experiments. w.  F.  ARNDT AND H.  A.  SCHNEIDER  175 
the controls. The sole control mouse that displayed a  skin reaction was found 
to have lungs severely infected with an unidentified species of Proteus. 
TABLE III 
Gram-Negative Baao~al  Content of Lungs of BSVS Female Mice 
Experiment  Number  Reactors*  Non-reactors* 
i  3.6  X  10" 
3.6  X  10  8 
16.0  X  10" 
3.6  X  10  8 
7.7 X  10. 
9.8 X  10. 
1.2  X  10  5 
7.8  X  10" 
I0.0 X  10  s 
Confluent 
1.4  X  10" 
1.5  X  10s 
6.0  X  10. 
1.0X  I0' 
5.0  X  10. 
4.1X  10. 
2.0 X  108 
9.0  X  10. 
1.5  X  10" 
0.8  X  10" 
2.3  X  10' 
Geometric means:  5.9 
Log mean:  3.768 
Difference between means: 
S.E. of difference: 
X  10" 
4- 0.181 
1.743 
0.271 
m 
m 
2.5 X  10. 
0.6 X  102 
2.1 X  10. 
2.2 X  10. 
0.2 X  10. 
4.0 X  10. 
3.0  X  10. 
Sterile 
2.7  X  10' 
1.5  X  10" 
2.8  X  10" 
1.1  X  10  ~ 
2.025 --¢-  0.798 
* Reaction to single I.D. injection  (30 #g.) of E. coli endotoxin. 
Epideraiological Studies 
Since  the  adult animals  had  proved  refractory  to  infection  with  bacteria 
isolated from  lungs of reactors  it seemed possible that  the natural infection 
might  have  occurred prior to  weaning,  during  which  time  mice  conceivably 
might be more susceptible. Were this the case, one might expect to find reactiv- 
ity distributed according to litters which, under the circumstances of breeding 176  SHWARTZMAN  PHENOMENON  IN  MICE 
TABLE IV 
Effect of Argfic~al  Lung  Infection with H.  influenzae-murium  on  Skin  Reactivity to  E.  coli 
Endotoxin 
Experiment A 
Experiment B 
I~ected (R/T*)  Non-lnfected (R/T*) 
7/101 
4/6 
11/16 
X  ~ =  7.14 
p  <  0.001 
1/5 
0/6 
1/11 
*  R/T -- number  of  reactors/total number  tested. 
All mice injected I.D. with 30 #g. endotoxin.  Reactions scored after 24 hours. 
TABLE V 
Summary of Liger Re,  activity* 
Experiment I 
Litter ............  1  2  3  4  5  6  7  8  9  [  10  I  11 
R/T~: ............  5/5  4/5  1/4  2/6  3/6  0/7  5/5  4/4  3/4  111/3  5/5 
X  2 =  29.1 
p  <  0.01 
Ex~erim~t 2 
Litter ............  1  2  3  4  5  6 
R/T .............  2/7  6/7  9/9  5/5  7/7  0/6 
X'  =  24.t 
p  <O.01 
Expg,,im~ 3 
Litter ............  1  2  3  4  5  6  7  8 
R/T .............  3/8  12/12  1/7  5/6  7/9  2/8  5/6  4/6 
X  2 =  28.3 
p  <0.01 
* Reaction to single I.D. injection (30/zg.) of E. coli  endotoxin. 
~: Number of reactors/total number tested. 
in  the  stock  colony,  can  be  considered  as  separate  epidemiological  units. 
Ordinarily, the mice are separated by sex at weaning age (28 days) and ran- 
domly distributed among stock boxes. For these studies, however, three groups 
were separated by sex with litter identity maintained. By simply injecting all 
these mice with endotoxin (I.D.) we were thus able to determine whether the 
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of these tests which demonstrated quite dearly that individual litters did tend 
toward homogeneity of response. By comparing the divergence of individual 
litter reactivity from the mean reactivity of the entire group the probability 
that this divergence was due to chance was calculated. This calculation (x  ~ = 
81.5, p  <  0.01) revealed the probability to be low. The homogeneity observed 
within litters was consistent with the hypothesis of bacterial infection. 
While the above evidence contributed nothing toward proof that  the lung 
was directly involved as the primary focus of infection, another datum pro- 
vided a  form of indirect evidence. Since  these studies have extended over a 
period of 2 years, it has been possible,  by determining the per cent reactivity 
of all mice tested during any 1 month, to determine the variation in average 
reactivity over this extended time period.  Text-Fig.  1 shows this  variation, 
and while the indicated periodicity is itself not  meaningful, it assumes more 
importance when considered in the light of another, quite different experience, 
namely that the lung disease reported in this mouse strain by Schneider et al. 
(14) showed almost exactly similar periodicity. Although this is circumstantial 
evidence it  nevertheless  coincides well  with  the  basic idea  of  the infection 
hypothesis. 
Nalure of the, Single-Injection Reaction 
Having reason to believe that  certain of the lung microflora  found in  the 
reactor mice was associated with reactivity to endotoxin, we next considered 
various ways in which this reactivity might  be mediated.  Among the possi- 
bilities considered was that endotoxin might cause necrosis of the skin through 
direct toxic action, although at the dosage level employed this seemed unlikely. 
Furthermore, necrotic lesions produced by known toxic agents, e.g. croton oil, 
were markedly different in character and none of the rather complex events 
seen during pathogenesis of the endotoxin lesion was seen following the injec- 
tion of such chemical toxins. This hypothesis was therefore dismissed. A second, 
more likely possibility, was that the lesions resulted from a hypersensitive state. 
The inciting  substance was, of course, of bacterial  derivation,  thus natural 
antibodies toward this substance might have resulted in an Arthus-like reaction 
on injection of the antigen.  Preliminary investigations to detect precipitating 
and  non-precipitating  antibodies,  however,  failed  to  reveal  any  differences 
between reactor and non-reactor mouse serum. Since mice are somewhat poor 
subjects for investigations of this sort we chose rather to focus our attention 
on another aspect of ~mmunological  reactions, namely specificity.  It was as- 
sumed that if the reaction were of an allergic nature the immunological  speci- 
ficity ordinarily  associated  with  such  phenomena  should  obtain.  This  was 
most easily tested for by determining  the competence of endotoxins immuno- 
logically unrelated  to  the E. coli  substance as inciting agents for the single- 
injection reaction. Consequently, the endotoxins mentioned in Section I  (Table 178  SHWARTZMAN PHENOMENON  IN MICE 
I) of this report were injected intradermally into test groups of mice. The doses 
chosen for these tests were those previously found adequate to prepare for the 
Shwartzman reaction. The only exception was  the Shigdla  endotoxin  which 
was retested at twice the original concentration (50 #g.) after the initial negative 
results. In all cases the lesions were scored after 24 and 48 hours although  no 
difference in incidence of reaction was seen at the two times. Table VI presents 
a  compilation  of  the  results  of  six  separate  experiments,  each  including  a 
control group of at least 10 mice tested with g. coli endotoxin at the indicated 
dose to determine the basic reactivity with a known reagent. 
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TExT-FIG.  1.  Seasonal variation in skin reaction of BSVS mice to a  single intraderma 
injection of E.  coli  endotoxin  (30 #g.). 
The results indicate that these endotoxins were all as fully capable of inducing 
the single-injection reaction as  they were in preparing for the  Shwartzman 
reaction. It was therefore concluded that endotoxin, in the generic sense, was 
the primary inciting agent and that a  specific antigen was not required. The 
allergy hypothesis  thus  seemed untenable.  It  remained,  however,  that  the 
mechanism of the Shwartzman reaction might be involved since this phenom- 
enon is a  notable example of one in which lipopolysaccharides as a  class of 
reagents are important. Furthermore, the gross and histological aspects of the 
single-injection reaction as well as the sequence of events during its pathogenesis 
were all consistent with such a  mechanism.  By appealing to the operational 
definition of the Shwartzman reaction it was evident that the skin injection 
would  he comparable to  the preparatory event,  and  that  the lung flora,  if 
related, must  act in  some way to  replace the provoking injection normally 
required. Shwartzman had suggested some years earlier that distant infectious 
foci might act in this manner by virtue of soluble substances diffusing into the W.  F.  ARNDT AND H.  A.  SCHNEIDER  179 
blood stream (2). In the current investigations tests of sterile "agar washings 
filtrates"  (15)  of sixteen  Gram-negative bacteria isolated from  the lungs  of 
reactor mice revealed that at least five of the strains liberated materiMs compe- 
tent to prepare the skins of rabbits for the local Shwart~mau reaction. In the 
light of our present knowledge regarding detoxitication of such blood-borne 
materials by the reticuloendothelial system (16), however, it seemed unlikely 
that the elaboration of provoking substance by the lung flora, at least with 
the numbers found in the reactor lungs, could be effective in this manner. 
It was recognized at this time that all previous bacteriological examinations 
had been confined to mice that had been injected with endotoxin in an effort 
to correlate possible lung infection with the reactive state and that no clear 
TABLE VI 
Effeaiceness  of  Various  Endotoxins for  Eli~iting Single-Injeaion  Reoaions  in  BSVS  Mice 
Endotoxins*  I.D. dose  Nmnber  of  Number  of  Per cent  mice  reactors 
E. edi Number 0127B:6 
E. ¢oli Number 0127B:8 
S. abortus-equi AE1298S4 
tt  t¢ 
Shigdla flexneri (Z) 
S. marcescens P-25 
Pseudomonas (piromen) 
Saline (control) 
~tg. 
30 
30 
50 
100 
50 
50 
10 
78 
46 
8 
10 
18 
43 
10 
15 
61 
34 
0 
2 
18 
26 
6 
0 
78.0 
74.0 
0 
20.0 
100 
60.4 
60.0 
0 
* Same materials as used for previous experiment (Table I). 
picture of the bacteriological events preceding development of the skin lesions 
visible in the gross was available. Ten normal uninjected mice were therefore 
examined and found to harbor surprisingly small numbers of bacteria in their 
lungs; less than 100 viable cells in every case. Although these mice were ob- 
viously untested as  to skin  reactivity, endotoxin injections administered  to 
similar groups at that time showed an over-all reactivity of 92 per cent. When 
these data were confirmed with additional assays on a  second group of unin- 
jected mice it seemed reasonable to accept this low level of infection as the 
normal value. This implied that bacterial growth might have occurred in the 
lungs of the injected mice prior to development of the skin lesions. As a  test 
of the hypothesis, several groups of mice were examined for the lung content 
by the plating technique previously described. Counts were made at various 
times following injection with the effective dose (30 #g.) of endotoxin. In the 
three experiments reproduced in Text-Fig.  2  the  first  points  are  zero-time 
controls and represent the average of assays made on uninjected mice at the 180  SHWARTZMAN  PHENOMENON  IN ~ICE 
start of each series. The remaining points are the geometric means of the lung 
contents of the mice assayed at the times indicated following injection. Depend- 
ing on the experiment either 4 or S mice were assayed at any given time as 
indicated in the figure. The results clearly indicate that growth of the lung 
flora did indeed occur after intradermal injections of endotoxin, with a  net 
increase of more than 2 log units during the first 14 hours. Gram stains made 
of the various colony types indicated that these bacteria were predominantly 
Gram-negative. 
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TEXT-FIo. 2. Gram-negative  bacterial content of the lungs of BSVS mice following  I.D. 
injection of E. coU endotoxin (30 ~g.). 
Humoral Transport of Proroking Material 
After it  had been demonstrated that  the  lung microflora reacted to  the 
skin-preparing injection in a manner consistent with the hypothesis that they 
might be involved in provocation, the next step of the investigation was to 
determine  whether  competent  provoking  material  was,  in  fact,  humomlly 
transported at the appropriate time as it must be to fulfill the requirements 
of the  classical  Shwartzman reaction.  Blood was  collected from endotoxin- 
injected reactor mice by bleeding from the femoral vein into a  heparinized 
syringe. Samples were taken in this manner at different times, and those taken 
at any given time period were pooled and centrifuged to remove the cellular 
constituents. The resulting plasmas were then tested for their ability to provoke 
the Shwartzman reaction in mice that had been suitably prepared  with an 
intradermal injection of endotoxin, but that had shown no reactions in 24 hours. W. F.  ARNDT  AND  H. A. SCHNEIDER  181 
(Slight reactions had no effect since adequate provocation of a  prepared area 
caused  a  reaction of sufficient intensity  to  allow  differentiation  from a  pre- 
existing lesion.) In all cases 0.5 ml. of the plasma was used as the test- provok- 
ing dose. The activities of these samples are reported in Table VII. From these 
data it can be readily seen that certain of the plasma samples were competent 
to provoke the Shwartzman reaction in these mice. 
Nature of the Provoking Material 
With the consistent demonstration of the provoking competence of plasmas 
drawn  16 hours after an intradermal injection of endotoxin it was of interest 
to learn something of the nature of this material. In view of the fact that anti- 
TABLE VII 
Provocation of the Shwartzman  Reaaion  in  BSVS  Mice  by  Plasma from Single-Injection 
Reactors* 
Time tsken~  Number of mice  Number of reactors§  Per cent 
Control [] 
10 hrs. 
12 hrs. 
16  hrs. 
20  hrs. 
6 
5 
10 
15 
5 
0 
0 
2 
15 
0 
0 
0 
20 
100 
0 
* All mice received 0.5 ml. plasma by I.P. injection. 
:~ Number of hours following I.D. injection of E. ¢oli endotoxin. 
§ Prepared  with  I.D. injection--30 #g.  E. coli endotoxin. 
[[ Plasma taken immediately following I.D. injection. 
gen-antibody complexes had been shown to adequately provoke the Shwartz- 
man reaction in BSVS mice it appeared possible that undetected  antibodies 
might exist which, in combination with the antigen provided by local growth 
in the lungs, could act as the provoker for the single-injection reaction. 
Our preliminary examination of this possibility has consisted of precipi~ting  the effective 
plasma with trichloroacetic add to precipitate the protein component after which the samples 
were retested. Pooled 16-hour plasma samples were precipitated with cold TCA  (final con- 
centration 0.25 s) overnight in the cold room. Following centrifugation the supernatant fluid 
was dialyzed  for 2 days against  frequent changes of distilled  water with constant stirring. 
The dialyzed  material  was then concentrated  to  approximately one-third  the  starting  volume 
and adjusted  to pH 7.0  with dilute  NaOH. The plasma, extracted  as above, was then tested 
for both provoking activity  and for its ability  to prepare the skins  of BSVS mice for the 
Shwartzman reaction.  Samples of similarly  treated  plasma from normal mice were used for 
the controls. 
In the single experiment carried out thus far 4 out of 10 mice showed skin 
reactions  when  prepared  with  E.  coli  endotoxin  and  "provoked"  with  the 182  SHWARTZMAN  PHENOMENON  IN  MICE 
control plasma extracts whereas all 5 animals that were prepared in the same 
manner but had received  provoking  injections  of the  16-hour experimental 
samples  exhibited  skin  reactions.  Furthermore,  another  similarly extracted 
16-hour plasma pool was effective in preparing the skins of BSVS mice for the 
Shwartzman reaction  (8~0 positive)  when provoked with E.  coli  endotoxin. 
Control plasma extracts exhibited no such competence. From these preliminary 
data it was concluded that the active material in mouse plasma probably did 
not wholly reside in the protein fraction. Direct tests on separated  protein 
components have not been made, however. Thus, the possibility of activity in 
this fraction cannot be excluded. 
DISCUSSION 
The preceding description  and analysis of hemorrhagic  phenomena elicited 
in the skin of certain mice by bacterial endotoxin, of course, could be presented 
as a phenomenology in its own right. In the foregoing experiments,  however, 
it is obvious that an attempt has been made to relate these phenomena to the 
body of observations  embraced  as  the Shwartzman reaction and classically 
described in the rabbit. The establishment of such a  categorical  relationship 
has many attractive and obvious advantages, but it has also made necessary 
the shouldering of a burden of proof in the face of the historical  denial that 
just such an extension of the Shwartzman phenomenon  to mice was possible. 
The bridge from rabbit to mouse, in these matters, we feel has now been made 
by the preceding experiments,  resting,  in part, on the earlier observations  of 
others (5-8). The congruency  of Shwartzman phenomenology in the two species 
has been tested and found satisfactory in six different areas: (1)  operational 
specifications, (2) histopathological  details,  (3)  the efficacy of bacterial endo- 
toxin in amounts of similar orders  of magnitude, (4)  the immunological non- 
specificity permissible  between preparing  and provoking endotoxins,  (5)  the 
provocation of hemorrhage at prepared sites by certain materials other than 
endotoxin,  and (6) inhibition of the reaction by various anticoagulant drugs. 
The only ostensible  difference between  the mouse reaction and that seen in 
rabbits  was  the  marked  uniformity of  response  displayed by  the  former. 
Although Shwartzman has reported nearly complete reactivity of some groups 
of rabbits tested with certain of his meningococcal preparations (2) it has been 
the experience of other workers  that rabbits do not consistently show  this 
degree of reactivity. 
With the exception  of this difference in uniformity of response,  which  is 
hardly an obstacle, we conclude that the skin hemorrhages of the mouse that 
we  have been  discussing  can  be  considered  as  a  duplicate of  the  classical 
Shwartzman reaction. 
Our experience with other mouse strains has indicated that genotype appears 
to be of some importance as a  determinant of Shwartzman reactivity. This W.  F.  ARNDT  AND  H.  A.  SCHNEIDER  183 
conclusion, although experimentally unverified, is supported by the fact that 
the BSVS strain, which is now highly inbred and presumed genetically homo- 
geneous, displayed such uniform reactivity whereas  the pen-bred Rockefeller 
strain from which the former was extracted and other similarly random-bred 
stocks have shown either irregular Shwartzman reactivity or none at all. 
Of perhaps greater novelty than the above was the single-injection reaction 
variably seen in the BSVS mice. On the basis of the foregoing evidence such 
as the morphological  characteristics of this lesion and the lack of specificity 
required for its elicitation it would appear to fit most correctly into the category 
of a modified Shwartzman reaction. We have therefore chosen to call it the 
single-injection Shwartzman phenomenon. 
The fact that this lesion occurred irregularly in an otherwise highly uniform 
mouse population led here to an examination of environmental factors in an 
effort to determine the source  of this reactivity. As a  consequence  of this 
examination it has become apparent that a unique relationship of the mouse 
with its internal microbial environment was in some way associated  with this 
reactivity to single endotoxin injections. 
Although complete proof of a causal relationship between the Gram-negative 
lung flora of the reacting animals and their state of reactivity has not yet been 
obtained, the evidence that has been presented in the preceding sections indi- 
cates that the association  of a  chronic,  inapparent infection with reactivity 
was  a  constant one.  It has further been shown  that the reactive state was 
distributed according  to litters and that the over-all  reactivity of the mouse 
colony fluctuated in a manner parallel  with previously demonstrated fluctua- 
tions in the incidence of frank lung infection. A previous report by us (13) has 
demonstrated that the incidence  of reactivity among representatives of the 
mouse colony was dramatically reduced by therapy with antibacterial drugs. 
Finally, although it has not yet been  possible  to directly demonstrate that 
bacterial isolates  from the lungs of reactor mice  were  capable  of inducing 
reactivity in uninfected animals, presumably due to special circumstances  of 
natural infection which have not been duplicated in the laboratory, it has been 
possible to show that artificially induced lung infection with another Gram- 
negative bacterium of higher infectivity did confer the reactive state on anti- 
biotic-pretreated receptor mice. These points strongly suggest  that the lung 
as a site of bacterial "infection"  has significance in this system. 
At  present  the manner  in  which  this  infection mediates single-injection 
reactivity is less clear. Our failure to detect antibody in the reactive animals 
certainly cannot exclude  the possibility of some  immunological  mechanism 
such as the Arthus reaction.  The demonstrated lack of immunological specific- 
ity, however, lessens the strength of this alternative. On the other hand, all 
the operational  requirements for the Shwartzman reaction appear  to  have 
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classical reaction. Preparation of the skin, for example, was obviously effected 
by the intradermal injection which was shown competent to "prepare" in the 
double-injection  reaction.  Provocation  was  likewise  effected,  but  by  some 
"natural" means, since it was possible to demonstrate humoral transport of a 
substance with Shwartzman-provoking capability at  a  time appropriate  for 
provocation of the previously injected skin sites. Although the actual source 
of this provoking material is unknown it was detectable only in  the single- 
injection reactor mice and therefore only in the infected animals, again sug- 
gesting that the lung microflora was involved in its production or release. 
Further support for the role of the lung flora can be gained from an analysis 
of the time relations. Our observations of the classical Shwartzman reaction 
in these mice have revealed that provocation of a suitably prepared skin could 
be effected as early as 15 hours after the preparatory injection (vide supra). 
Bacteriological findings in the single-injection reactors have indicated that the 
maximum net growth of the lung flora likewise occurred between 14 and 16 
hours.  Finally,  analysis  of  the  plasma  of  the  single-injection  reactors  has 
demonstrated excellent provoking activity for the Shwartzman reaction in the 
16-hour samples. It is possible, of course, that these events could all be un- 
related but in the light of the other factors observed, this degree of coincidence 
would indeed seem remarkable. 
Actually, the ultimate source of the provoking material,  although of un- 
doubted interest, remains subordinate to the demonstration that the Shwartz- 
man reaction can be achieved partially as the result of certain ecological  rela- 
tionships between the reacting host and its microbial environment. The analysis 
of this relationship has made possible not only a further specification of Shwartz- 
man phenomena in the mouse but also a lessening of the operational demands 
posed by the classical definition of the reaction. This revision permits a broader 
application of the principles of the Schwartzman phenomenon and as a  con- 
sequence allows a more persuasive extension to certain clinical events than has 
been possible heretofore. 
SUMMARY 
The localized Shwartzman reaction has been demonstrated in a highly inbred 
mouse strain (BSVS).  This reaction was produced with marked regularity in 
these mice by administration of relatively small doses of bacterial endotoxin 
or  other  Shwartzman-active agents.  It  is  considered  the  equivalent  of  the 
phenomenon described in the rabbit inasmuch as it has conformed to all the 
operational and histopathological aspects of the classical reaction that have 
been tested, including elicitation by various endotoxins, heterologous prepara- 
tion  and  provocation,  inhibition  by  anticoagulants,  and  provocation  by 
antigen-antibody complexes. 
A reaction similar to the above but differing in its manner of production was W.  F.  ARNDT AND H.  A.  SCHNEIDER  I85 
also investigated and has been termed the single-injection Shwartzman reaction. 
This phenomenon was identical with the normal Shwartzman reaction in all 
ways  except for the fact that  it was  elicited with but a  single, intradermal 
injection of bacterial endotoxin. In investigating the lesion it has been demon- 
strated that inapparent in the gross, but elicitible infection of the lungs with 
a  Gram-negative  microflora  was  uniformly associated with  single-injection 
reactivity. Because of this constant association it has been suggested that a 
causal relationship exists between the infected state and the skin reaction, not 
on the basis of known immunological events but on the basis of the Shwartzman 
mechanism in which the lung flora, demonstrably excited by the preparative 
injection, appears to mediate natural "endogenous" provocation of the lesion 
at the prepared skin sites. 
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EXPLANATION  OF PLATES 
P~rE8 
FIG. 1.  Localized  Shwartzman reaction in a BSVS mouse induced  by intradermal 
injection of E. coli endotoxin (30 #g.) followed by intraperitoneal injection of same ma- 
terial after 20 hours. 
FIG. 2.  Comparison between local  Shwartzman reaction  and  single-injection  re- 
action in BSVS mice. Left, reaction to I.D. plus I.P. iniections of E. coli endotoxin. 
Right, reaction to single injection of E. coU endotoxin. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL, 112  PLATE  8 
(Arndt and Schneider: Shwartzman phenomenon in mice) PLATE  9 
FIG. 3a.  "Prepared" skin site 16 hours after intradermal injection of E. coli endo- 
toxin. Note perivascular cuffing of leucocytes. X 97. 
Fro. 3b.  Early provocation; 4 hours after intraperitoneal injection of E.  coli endo- 
toxin in  "prepared" BSVS mouse.  Note leucocyte-platelet clump adhering to vessel 
wall.  X  412. 
Fro. 3c.  Hemorrhagic stage; 8 hours  after administration of prow~king injection. 
Note necrosis of vessels and hemorrhage.  ×  97. THE  JOURNAL  OF  EXPERIMENTAL  MEDICINE  VOL. 112  PLATE  9 
(Arndt and Schneider: Shwartzman phenomenon in mice) 